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iMut nle«Md tv* &a>t» m tttantm. In Jan* I^T, in* Oomgil 
•f Minister® of th* tlSSi d»ci*jrc4 that irifomstioa on vttrnmm wm& 
extiMti&tt of *11 ^twwi sets!* ms » state «mn it, th* 
fei- mlO W oo B of vfciet* is ptmim'mble by is#/' Hats policy actually 
"aw* 'bom S.ffsetivs »ts**e fcb* ml4*lf tbs rfssalfc Is tfcst test 

tMMM (us& tk§ Sarapmm Satellites &* m£l) htt& mlsssti na Ols-eat 
iafosmtioa o& tbs status of th* iife&nlua tndtmtjpy la tbs Mm- 
Soviet Sloe, Only rocouily, in fart, bos tbs tffittl ptmittsd yyfr» 
Ucanioa of sslsatl fis md technical srttslss m illmim. Thu 
Voviwt *rtt»n§ bsw fully «vol4s4 *»ftowaoo to tbs 
of titsaim mv mterisls, ooacentrst**., or octal jaodaooci; ihm 
Location of citato; or tbs salmi of «n»lt«*Uee lo too airemft 
industry or Is other atutny proAMotlott. 


&*ter tbsts zorniUmm, asmsmmt of tbs current status of 
tho Soviet titan Was tatastary is nost difficult. Although tbs 
osumtos sad soaslsstoas jjaroaenteu is this mmrnma$m am ts&isuaw 
to t* reasonable, tl»y ammsarily bars Vasa dartre* by iafsreoeo. 



SiikQSsfcrv OafuiliaMiMM 


#*##*•#«•••« 


>•#•••* • * 








P- . 4- •»— * ' «^>‘*-o 


fc.4t»liaa of ittmftm «|wmga la tbs &ixw~3ovim% KUw ift 1 
l* tattoKtal to bom between 3#GQ& wet 5,QCift wetrto to®»»* 
el »i«b at tot naxtaua *#»© a-ixart «»*tidir4 at ones Ml mm fre*toto« 
la to» Free World sad *C- var c ai tt at tstt&lt m mm jMwaiMetd i& tbe 

0*S. For ail practical purpose# the Sine psiMrte lea of tltealw 


are negligible,, Starlet . reaereea of 11— at to sad titwulferoue s»g* 
aetito, eetttJtlalag' 10 to if pearoeat titomiuta diorlto, are «xhwm 
there ere cmjor toy— its ef ii—aite la 'toe Oral Heuntotas aodt toe 
Sale Peftto—Uu 


tfeat toe Wfflt It ae^lriag toe teohaloal aeaeeeery to 

toe wt <if an Integrate! Utenlua iatobry. (Swlet ecieaUeie 

hare bam uilftM greatly by toe ttoranwtlenl «w& m&jm wring detallt 
of Free tf«rl4 r—awfet* or and lemtoy— at ef titanium an! titanium 
baas alioya* they are familiar, fear axaw^Ia, with mmm ml%i m 
prom&sxm and Soto mA eedisas nfeetlw proeewi mm, and 

they mmmtmM to n eeneuntole atoetxede sad deufeie eeltlan toebai<|i»*. 
Ftolitoed Jiowiet — torts* iadi—tea, heueuer, tot toe titanium 
iadnatry of toe He* i* fro® 8 to 1 years behind tot U*&. isd— try. 


*ltoeu#i toe tM bee shows strong latereat to all —swot* of 
titaalin tod It earrytng ue a large research and Mwetojjwwat program. 
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aevSfft bbU mm rcaariteltea the aiwwi ly 

for ttbaninm t» ajawsraffe* Cteo^ieaia «f titeaitst baa* alloy* with 
special tea* la* sea both * »tri«^h~tM*w»i#*i b a rf ate a «*»% teals# 

any be reqpteaibte, at least la part, for tbt “salt Ml ase" atti* 
ttee o? tbs WMU 

the US&ft lalao is alert te the noowiiltary ejftlleaSios Of 
tl tastes. It te aalteely, however, teat tea teae otrategle ta»e« 
will bo of suffi cleat iaporuiaoe to tte Soviet piaanora to alter 
tee soaraal eowraa of’ eant» is budget allooetlowu Z% is to be 
eagpeotei, tnenrfore.* teat snore intensive Seviefc efforts is the pro- 
daetioss, fabrication, ate etiilssUOS of t&taslss Sill follow 
aeeepieaee of tee esrt&l by desi^ort of Soviet aiittary etpaipasat, 
psrtieulsrly airsraft* 


fte farpose of this gwwpr aa&aa la to oases* tee current states 
ate future iteaatrlai pefcoatisl. of ifi tee Siao-aowiet 

Sloe, especially is tee ijteft. although mweroos teleatiflc ate 
tetthateal botes ate artieiea ea titaslim teve been published Is tee 
Sloe, they iteteate m »p«etaeaiar adsaaete is tee iatowteeg* of 
tlta&iue eetaliurgy. th«m poteiestiona clearly Indicate , however, 
teat the xmm la mix mmm of tea yotestAal aisaiflsasoe of the 
state!* 

II. fltwaiun is the ObgH 



Soviet interest is titanium Sates bate at least Sfj 
years. S'T9&m%%m of Mgb-btteniwa iron, ferrotitasiw# ate ii* 
twaiuas pMptents free oomostlc iiw**ate*or*a was tea ataU objeotive. 
fere recently. Soviet scientists have also published oueerous books 
ate articled indicating * substantial rasaoreh program oo bote tee 





«, *S4 : *tT* * »»Tr 


lit oddities, tee bixth ftve-Yaar Flea i^cifleaJUy 






bO to %;j j«r*eot is etegt*ri*a& site tepoeits available at tee be- 
glsedag of the Fisa parted. 

•tfcie "^^euttesesT'' i? ~ rerroailoy itenshrisa will be aeaUeoed 

miy as they offset the pro&uetiea of te as tel ate teteatea base 

alloys. 

•exisaadte i* described in fart II C, be tew. 
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IwmttML It is believed Uml m* I$wm M Adopted i" ! *e 
SbcdUUIIbftwan tstgsceiuft redaction p reoess for producing ductile 
aftfogl, bhldh it * process 4*v*lsgae4 i'u the i>,B, 

3* |aggt Selting and l agjot files ' 

is la Spence pj*id«sil<sft, scrutiny of available Saetet 
litemtwrt eg Methods usd efuijsisai for u testae ingot 
t*elti»§ Indleifttes to aig&lfizmt dep&r turee fro® Western practies. 
in Coritft publications reveal thart Free world mtbods for 




Jf*£k 


[SSI 




kmI 






iatooratofit* and jrrfei^'fe'ly are feeing adapted to Soviet h 

moeati y article it tfee ihwrie* pres* fey the mll-hasms 

Soviet :wWliWissl»t 0 * MlkSMgrie* traced the eotrtt of Utaniwa 
developaea* free ingot mltiog is * gmph* te mvmlbl®, thm in 
cagper-UuBNi wter-Jacteeted sees, and finally the svltefc from 
tungstea electrodes to ooneuMoble electrodes In v»d««^*re IhwasMies.** 
m-s only positive iafocwttleo on ingot sis« ms ft referaaoe to a 2$- 
kilogram (kg) Isgot t&at ms produced as^rimeaielly ia the 


«4«b my he primarily VSbNMlbi* for titanium research »r 4 ttvtlqp 


Isgoi, from mlae it ha fee Inferred that yro&aetloa of large Inga 
hate been muttered, at least ia sufficient <$awtlty to satisfy mwU 
for caper iiwatat, ice. ffee source of th« sponge is left la doubt, hu 


Wi l&rgset. imsacAhlf glagtrai* f retesed thus far ms ladlmted to 
he Just over 3 iambs* ia diameter, stosseas elect rede* up to a€ laches 
ia diameter are being produced ia the U.S* 


* Brine 11 hardness nemUsi- ISO wt 4 i«w»r, usually associated with 
cosamreially snore, ductile tlfcaalm sponge* 

*SftUw«ylcT , s account ar*to«M#diy ms baaed «u published tl.fi. 
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■ am at amp mm& togeta 

has bam pmu&tsM im to* Wmeim t pr®m t thara is a© rnrttmm of 
serious @S4it *fjtarta to Ar*wtag> th® industrial bmma&kagf at ti» 
taaim fskbricaUao or of aettoit y tm say way to tbs tofraMi 

Ivb, iMtwtory-Wto* efforts of toe 6*8* in 4ew*las»l»{j aattbsatoab sweb- 
i»g, wsMii«§* hast *f< other It a®f*« 0 ?a r bawassr, 

that attswpt# as* tolatf aeufe to roll utsatos on * mi 11 ami* a@d 
that tttr quality aa& quantity of amitobto &mm$& sab ittsett justify 
fairly tor®* -seal# s^rtswmus. «iitfMgl©v aaatJoaaA **» assess! ty 
of mi Hag v iewQ» 1j#ntw u sad IspitoA tbit ssportMM* gained in 
mixing mail togsets eow.lt m amlU/t to tbs mill*® of torg® iageto. 

Is rl«v ©f tbs aeeaaaibiltty of «oat of tfcs free world 1 * 
tltaoivm th#** la no rm&m to «kmfct that the «#SK could 

predwee mi. fbbri&aia ec^sseroially purs utaaitas %at tltaaiaa haaa 
alloys* It ftoasat, Uawarsar, whether the osgb is la fiat Soiag so 
is apstototosaj tbars is ao seaf irsastoey evtoaae# to soow that tito- 
mxm l mm alleys of good $mparUm wA.eooalatsat .fpallty sra avail* 
ah Is la rewweretol . Quantify produatioR soft fMartoattea 

of tttmim bam alloys d^^topaA to to* 6*S* ooly after aaoy 
years of the ssswst aaaotoir&teA 4*tolegi«mi oaapaign is mtoitos’gieal 
history* 



BNnws t ftorlat taper i» of Lnmm&m m toe physio*! 
g»toUar®r -of Utotttoei suggest tost it is toon S to b years b*hlu& 
that ©f fcha w.a. Is a paper writtas Uy a emsgrnijmt davtob 

autoority diactoswAtbas- aaitiab w*s Soae la pmpbxta anatobtoa 
m& that toe mail swit miertoi sootaineA 0*3 perosnt mxbea. A 
toeto&eaX ^nai ptfbUahaA fey tos U8AS to ^toaSHtr coo- 
totoad %tw stotowaab tost »3i ^XxmimX mr&km at totoatrial 
toianlwn coatsiatog; avwj a eossidsfitoto ajssount - [o*B psare^t) of 
carhaa dto aot y ihesm t, yartleslar Alffleulttoa* Trm Sosrto «jg,««rt* 
eno® has snows slsariy tost a earS&sa of 0*0 jNsrosat is 

far la **ee#s of «sitiiEa» sUosaas«» for kpi&lito pe&im*m ssd that 
the industrial was of totostioe. salttotf Is tafsswtlototo Wiaase 
of tto high carfeoe. pioJa^.s 


♦IWceat *]^eria*»t« m elasa emtrol of salt tog. toss sad 
tessera tore lavtaAttaftoes selttog la ^r&ptota bar* rsdueed aeatswl* 
oaUoa to a low ( 0.03 to 0*Ol percaot) figure, fbia work say lead 
to .greatar use of toduetlce cxrlttag. 


♦^ss 
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of 80*4#* iraUNBtlsts wod ratal traMUrt subs 

**&**** Vmt mwh titmtm apragi m is raise; product ia tra USS* 


* y* .* " »-^iL 


•*' v ■■ ■' 


•TTSmC*' ;•» " i 


f g ju ■ ; l'Ii'Msj 


■&£ totinaamrUm, m&teM ftf *&& BroU-ragtran prorara* 

frm IomI raw mtarials is firalMaj raft tra cra»l*t*y sad m um* 

IT M 



produced aasralijr is tea USSR, ra& ftm w»rixl set Inaras @£ Sorts! ' 
£>M%at. hst* xmi#Kd frora mgligi&la to 75, OX; tow par ymr,* Ora 
ibe Iasi® of tix* gaalitatira i**£ferratie«* &%vm la th* mratra ua 
8»n«t oriltiM os tltmim pvfclt*b»& in th* traslsa it 

«Ofe bs iafsmst tbs* tirawiua ***«*gs prota&iy is bsiag j^atuMrt 
leratt i sally is raff 1 cleat ym&tttlva to sustain oigrartosatsl f.r©~ 


toss #®d ray vary rail 
bav* boss only about $ t OQG toss* If tha IW 3s isad©** predjxtis^ 
a sl^Bifleoatly lars&r toorags of titraiu* «§mm tiara this, *J4cfe 
i» highly dodMUtal is rtra ©f fowlst prau»*j#d statrawsts as ttta- 
otra rawrarsk rad Asraiaqnwt, Sorts* sttlalals am rai»& watest to 
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Thera are other important depeftit* of tlmmim m the B ©la 
Feaiasula. TltaniUR dioatldft i « contains! is the apatite* area of 
the iota Feoiasula, which are beta* ataxt by the Kirovak Apatite 
Ccahias, a producer of mineral fertiliser. 

Although the U&3& ime a« abundance of 1 1 teal uta-heer lag 
e*», w«t of ibess are leer in grA, yy free HarM standards, iM 
require Wnsficiation. The resulting concentrates are aaUsfhcWry 
for the production of ftarotiisalun, titaaioo-rlOh slags (72 to 75 
percent tltanim diooddu), ana pi®a*uta, hot they are not particu- 
larly desirable far economic wamttoctwm of titanium wtraefclarJUSe, 
the industrial cbaaisal stwss of tltaolun wulaL Is vital to both 
the eagEtes lent «**i the sodium reduction processes. These paro e as ao a 
are now the only sees that yield ft eoaasreially satisfactory ductile 
titanium sponge. the moat advantageous sod eoaneala n« arterial 
for the production of U Waives tetrechloride is rutile# which is 
reported to oesur in the ffl&n only in the reacste Xysyl fSuu area. 

Other raw saterinls needed in the kroll-wartsaa process 
(or Its sodium variation) include, of emrm, aagn— Its* or eodius 
rsdnctants, chlorine for the pro&arttcm of Utaniue tetrachloride, 
inert gases sum as helium mm argcsx, nAn, electric energy, and 
minor quantities of a fee ccenoa eater ini*. All of these am avail- 
able in adequate supply la the WSSSi. 

»* Utilisation 

1# A^r&mft Industry 

•Recently produced Soviet aircraft and part# of sash 
aircraft have not fetea available for ensainatlcn in the U.8. or 
elsewhere la toe Trm *©rl4, and ccficrcie evidence of Soviet appli- 
cation of Utanlua la aircraft Is not available, Although the extent 
%e chi eh Soviet aircraft coo win tltaalwa is ascertain, there is no 
doubt that Soviet aircraft engine designs*-* hare carefully considered 
using titanium An &u k turbine engine co^ressor discs and blades and 
are well tan of titanium's potentialities la other applications. 

For asaa^le, tmy art knows to have ctnparsd the preparties of a 
titan! utt-ttlusWun-cdurcBii un alley, corresponding to at de veiled by 
the Mftllcry-aiarrosi Titanium Corporal i«a, with other light-natal 
alloys and steel. After comparing to® weight savings and relative 
costs of titanium and steel, Soviet officials stated that "as ti- 
tan!** alloys are aastared end. they are more extensively produced, 
uk can expect a reduction In cost, both of the eater iai Itself and 
of parts asds fTcs* it." 


•Calciuea f luarcphoftphate . 
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Xto feeatltetiw or ^wUmttw fete m «4«iJUU» etfeii- 
aattena of tttaaiwi ted Uteaim baass alley* i> tee 08S& are xxm 
available. Several papular articles l» the Soviet press have 
etfegfei the value a# titasite la ante «r*aaiUts?y appiicaUoe* w 
eerxfeira-?*iAstrat pipe «ad pipe mtiaga^ aurtewree, sat electraatss. 




Suopwry tee show c<#wtfemhl« internet is tetesiua, s ®r~ 
tleularly 1st wweat /ears. Although tee JSaagssriuiia bate peSUeheA 
eareml scholarly reports m tltraiua teoisielw* the mperte am 
txuMd e*atw»lv*ly ea Free World fewelopteats* 


crafiM* iraomtery esperlraalai rate ssriaarily t* efforts to e*~ 
tract the ratal Ms tee "r*<3 ateT pro&ueedt aa a maifee 4s the 
ssarntfSatare of ala&tee, «« of Sundry # aajer iadrateiee. ffuasarira 
red and reelfee aafir coaiata 5 to 4 percent titastw dioxide mtf otter 
value* la iroa, vaaaiiw, eluaim, ead causti* safe. Oe feriter 
chea&sal pmoeaelss* e»A finally teerral wfettso of the IMS to 


r •*>'!***• 


rasas. The etearag? of seek lavolrad proaeeaios of a io*~«t*te 
residue depends os the recovery of sot only tee titrates. Iron, rad 
vanadium hut alee a feed part of the t&mn&m w*& efcrateel* eeateiaed 
la tee red efei. A meant Bwfepeet preen report delate teat esperi- 
aaatel profeetira of tltaalra amid be etartte by a feegarlra 
alvKdte pleat ate teat iana^atiala joroiratiaai of ti trains would fee 
attained by tea of tea testate fiv-* -Tear flea {1956-#}. If 
-Utie ie true, Suagary could, perhaps, eurply daneeiie aeede. 


iS*£— 
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tfeife | a 1995, •qgwei*Uy at -SB, has sought netfe* da fm ttuawfi M 
tltaaina trmi Imt+grt *4» t i tan ! y»-beari »$s net* rial# from Aawrtle 
mwrini, ftuteii a# brow coal mkm», Baitle §a*a blank mn&a, aad waft 
««d reeidaea Area ajanlan jdaata. fxperimats m the ^oduntton af 
titanium dpaage «aia« * aodified trail proaesw uera twtor my la 
15 * 35 . la tikis pmeeaa, titaaiua -sfelaridn «« being radueed wltb 
tsagoeaiua la wmsuo, i»«., 'aittoat aaiag » a«M« m* i tMMtfm m* 

Like tom&OTft Saat derwwjr ins no favorable wtwral-sre 
mwm ©f Utaaiua aad t« unlikely t» drrales? a aluafcla industry 
bawd oft daaaaUa aafeerlala* Any country vita a Utaalusa ptgsnat 
iaduatry, of cowraa, could aaa h±fc-peiM@* aaataa* ( MUmlm- 
dloxlda yiipaai) m a «wm. Owasiowi report* of industrial- 
acai-e predwrUna «f Ut&Riws* frew thi# material la Best. aermny 
«auns»t be verified. 

■7. cun^atg|.JMga 

Oaatttaaalowafcfat, Poland* aoft China or* law w 

be iutareabed in titanium, and tm mmml ©eo»*i<*» offflela&a of 
- thaw eeaatrie* *wwe referred to tttmim m the natal, of the 
future*' fhe NareMy of ran ontertal reeouraei la twee ueuntriee 
Udleataa lint U awe of taw fc&* tttaaiua production mm beyond 
Laboratory wparinwOsi wrk# 

lit tit la teow about effort# la otter SuMvadb tatdUit**, 
but it ia fairly aaf* to anusae tint rwar ch on mm. ©feaaea of 
titanium proaswUea aod fbbriaaUw i* ta prosraaa la aaat of Uwe. 


•the S.6. pri«e of aaat&ae per pound of tltenina content i« about 
40 omt*, ace tnmd «ith ilawlta soacwntjnatu at 3 mm* and 
titanium •!*& at % oeata* 


■•a* 


Approv 
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